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S.l. Tsien 
Professor, Institute of Mechanics, Chinese Academy of Sciences, 
Beijing, China 
SYNOPSIS: This paper presents several aspects of engineering performances including satisfactory,un-
satisfactory but later remedied, and failure experiences in the fields of building foundation,under-
ground construction, and slope stability problems. These projects were completed in China in the past 
decade, Five case records of performance are used as illustrative examples. Further research work 
are finally suggested. 
INTRODUCTION 
During the past decade, a great deal of construe· 
tion works involving all phases of geotechnical 
engineering have been completed in China. Most 
of them proceeded satisfactorily, some encounter-
problems but were later remedied, and few failed 
with evident causes. In general, successes were 
attributed to well-planned site exploration and 
soil investigation, careful consideration of· t9:'1·· 
pographical, hydrological and geological condi-
tions in design, and close monitoring and control 
of field phenomena during construction. On the 
other hand, poor soil data, incorrect design as-
sumptions and crude supervision of construction 
are mainly responsible for unsatisfactory perfor-
mances. 
It is recognized that specific techniques and ex-
periences must be carefully exercised to suit 
needs of each engineering project. For illustra-
tive purpose, a few case histories in urban and 
rural geotechnical engineering are herein pre-
sented. 
BUILDING FOUNDATION 
For ordinary buildings, foundation failures in 
general, are not due to inadequate soil bearing 
capacity, and, instead, are caused by excessive 
deformation. However, plastic flow beneath foot-
ing sometimes occurred because of too optimistic 
bearing value assigned. The degree of consisten-
cy between computed and observed deformations 
depends, of course, on computation method, but 
more importantly, on proper selections of soil 
modulus, thickness of compressible layer, and 
interaction between foundation soil and super-
structure. Non-linear constitutive relationship 
and compatible study between deformation and st-
rength of foundation soil should not be overlook-
ed. Satisfactory building foundation performan-
ce may be a~eved by using soil modulus value 
back-figured from deformation records of, existing 
building in project area, pressure-settlement 
curves derived from plate-loading test, and ear• 
lier settlement data for predicting ultimate va-
lues. Consideration of rigidity of structural · 
foundation in design is also a key factor leading 
to success, 
In case of pile foundation, large-dimension with 
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a maximum diameter of 3 m cast-in-place piles 
have been used with increasing popularity in 
China. The problems remained to be solved are: 
hole-forming technique, end-bearing capacity of 
large-size cast-in-place pile for various thick-
nesses of overlying soil layers, pile-soil inter-
action and settlement computation method, detec-
tion of broken pile in place, and minimization 
of disturbance to near-by structure during pile 
driving. 
Non-uniform settlement and tolerance value of 
large-size oil storage tanks built on soft foun-
dation in coastal areas have long been problems 
of serious concern to designers. The former of-
ten causes two important types of ·failures, i.e. 
excessive torsional deformation of tank wall and 
failure emerged between wall and floor slab. To 
eliminate or reduce differential settlement, the 
method of water-preloading with carefully contro-
lled loading rate is generally adopted in China, 
with reinforced concrete ring footing to safe-
guard against lateral deformation. There are 
three principal modes of deformations beneath 
steel cylindrical oil storage tanks, viz, plane 
tilting of tank body as a unit, non-planar set-
tlement, i.e. differential settlement along cir-
cumference of tank, and sag of bottom slab. It 
is unreasonable to assume that failure of tank 
wall is solely due to plane tilting. Non-planar 
settlement causes radial torsional deformation, 
and/or develops secondary stress in tank wall, 
in addition to that due to shear deformation oc-
curred in foundation soils. 
Among the 60 cylindrical oil storage tanks built 
in the China's coastal areas (Jia,l984), 60-80% 
of the ultimate settlement took place during wa-
ter-preloading stage. The bearing value of the 
foundation soils was as high as 240 kPa. · 
The circumferential settlements were 20-170 em 
with ·.tilting of the tank body ranged from 2-
l3•1o-3. The statistical analyses showed that 
these tanks functioned satisfactorilY when tilt 
was less than 6 "II 10-3, leas satisfactorily when 
6-9~ 10-3, and unacceptible when greater than 10 
·lo-3. h h ~ Fig.l s ows t e statistical relationship 
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between average settlement and relative plane 
tilt of the 60 oil tanks, ranging from 1000 to 
30,000 m3 in capacity, built on natural and sand 
drain stabilized foundations. 
The statistical data of the 60 floating-top and 
fixed arch-roof oil tanks also indicate that tilt 
and sag of floor slab correlate well with H/D 
(ratio of height and diameter of tank) and ulti-
mate settlement. To drain off residual oil to-
ward tank periphery and avoid excessive tensile 
stress in floor slab, it is important to estimate 
closely the maximum sag at the center of floor 
§lab. The recommended sag tolerance is D/90-D/100 
Empirical formulae were developed for each case. 
The merit of using box foundation for multi-story 
building on clayey soil was investigated in detail 
considering rebound and recompression of bottom 
of foundation pit, settlements in various subsoil 
layers, subgrade reaction and internal stresses 
in foundation slab, etc, (Wang & Sun, 1984). The 
building investigated was a 10-story above ground 
and lt-story basement, with reinforced precast 
concrete floor slab and cast-in-place concrete 
walls. Its total height including foundation is 
34.7 m. The 12.3 m wide by 96.6 m long box foun-
dation was constructed on natural subgrade com-
prising of alternate layers of sandy clay and si-
lty sand. The bearing value of the subgrade is 
220 kPa. The foundation embedded depth is about 
4.5 m and a floor slab thickness of 50 em. The 
measured rebound of the pit ranged from 0.6 to 
0.8 em, about 60% of the total settlement upon 
completion of entire structure. The settlement 
records of various underlying soil layers were 
taken by installing six observation datum points 
within a depth of 5 to 17 m below foundation base 
level. It was interesting to find that the sett-
lement of top 10 m depth amounted to 25 to 40% 
of the total. The measured effective compression 
depth was close to the estimated depth at super-
imposed pressure not greater· than 20% of the ini-
tial overburden pressure. The rebound and recom-
pression curves follow basically along a atraight 
line as shown in Fig.2a. The longitudinal tilt 
was 0.2 J(lo-4. 
Vibrating-wire earth pressure cells were install~ 
ed, with emphasis on the peripheral areas. The 
measured distributions.of subgrade reaction (Fig. 
2b) were fairly uniform when imposed load was 
less than the relief load and then, gradually in-
creased in the peripheral regions to about. 20-40% 
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larger than the average measured values. The 
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pattern of subgrade reaction resembled a parabo-
lic curve and their degree of non-uniformity is 
not so large as that computed from elastic theo-
ry. Recheck was made ten years after completion. 
The cells had performed satisfactorily and the 
pattern of stress distribution remained about 
same as before, except a slight shift of pressure 
concentration from the peripheral toward the in-
terior areas. 
Reinforcing steel stress gages were used to mea-
sure internal stress in the foundation concrete 
slabs. The measured values were generally very 
small with a maximum of only 30.3 MPa in the slab. 
stresses in the reinforcing steel increased with 
the heights of the building (Fig,2c). But, when 
ratio H/L = 0.3 (H:constructed height of the bu-
ilding including foundation, L: length of the bu-
ilding), the steel stress reached its. maximum 
value, Then, it gradually decreased and increa-
sed again upon completion of the building. In 
stress gage measurements, it was observed that 
shrinkage and heat of hydration evolved during 
concrete setting produced adverse effect on the 
measured values. Structural load, however, still 
played the major role in affecting the stress 
changes. 
UNDERGROUND CONSTRUCTION 
In recent years underground constructions in 
China for tunnels, subways, and mining adits 
in soil and rock strata, etc, have been comple-
ted with various degrees of success. Deforma-
tion and failure mechanism together with related 
phenomena were observed by precise measurements 
during different stages of construction. Reme-
dial measures, if necessary, were then taken, 
For example, due to inadequate investigation on 
soft saturated clay especially concerning its 
rheologic, thixotropic and expansive character-
istics, and improper design of floor slab by 
assigning uplift soil pressure less than that at 
roof, an excessive heave at bottom of a stone-
lined subway took place, an inverted arch had to 
be reconstructed. 
It has been observed that vertical roof load of 
high fill acting on a relatively rigid structure 
often exceeds overburden pressure by 20-50%, be-
cause of the arching in soils, whereas vertical 
pressure on the sides of the .structure gradually 
increases outward and equals to overburden wei-
ght at approximately three outside span distance. 
In mining construction, c.ollapsible deformation 
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of openings in soft or decomposed rock were often 
a serious hazard. Material evidences showed the 
superiority of open-type support system over the 
closed-type, because of the relievement of some 
deformation in ambient rock stratum. Clear under 
st~~ing of rock behavior is, therefore, a prere-
qu~s~te to a good design. 
Anchoring type and technique in weak rock is re-
garded as another important item to be consider-
ed in design. Combination of shotcrete-anchor-
ing on wire screen net has proved a good practice 
for underground opening support both on safety 
and economy. 
In construction of a large subaqueous highway 
tunnel of total length 2760.72 m, shield method 
was adopted with success. The circular section 
of the tunnel is 1322 m long, 8.8 m I.D. and 10 
m O.D., built in soft soil under the Huang Pu 
River, Shanghai, China (Sun et al, 1984). It is 
a reinforced concrete fabricated lining structure. 
The subsoil at a depth of 28 to 38 m below adja-
cent ground surface, where the central portion 
of the circular tunnel under the river is locat-
ed, is mainly comprised of silty clay with natu-
ral water content about 34%, unit weight of 18.0 
KN/m3, cohesion 7 kPa and angle of internal fric-
tion 22°. The soil layers where the remaining 
portion of the shield tunnel penetrated through 
are predominantly silty clay and silty sand. 
To accomodate the geological conditions encoun-
tered along the length of the tunnel, various 
methods for stabilizing the surrounding soil were 
investigated, These included desiccation by lo-
wering water-table, partial or full front face 
excavation, compressed air to holdupthe frontfa-
ce and then, semi-shoving (50% soil squeezed in-
side the diaphragm), or complete closed-breast 
shoving through very weak soil layers. The total 
design thrust was 8000 tons. But, the actual 
force required to shove ahead was much larger in 
sandy soils. Thus, opened-breast excavation by 
manpower was the only solution. In case of clay. 
ey soils, the front resistance was largely incre· 
ased through desiccation of soil by water-table 
lowering or by compressed air, and only semi-sho-
ving was possible. 
During the advance of the shield, great concern 
was concentrated on disturbance of the surround-
ing soil and the ground surface movement. Alth-
ough weight of the excavated soil was much great-
er than that of the lining structure and vehicle~ 
longitudinal axis of the tunnel settled as much 
as 35 em after its completion and the differen-
tial settlement was noticeable. This phenomenon 
was closely related to the method of construction 
The best result was obtained in sandy soils by 
using compressed air for the section under the 
river and by adopting well points on the shore. 
I·t was observed that the advancing resistance 
was greatly increased by full closed-breast j;ho-
ving methodin the silty clay layer beneath the 
river bed, Severe disturbance occurred in the 
neighboring soil, and the overburden was pushed 
upwards causing 3 m heave of the river bed. The 
ensuing subsidence was large even after its com-
pletion. This is the results of reconsolidation 
of the underlying disturbed clay and rebound of 
the compressed clay in front of the shield dur-
ing retreat of hydraulic jacks to facilitate 
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lining fabrication. To overcome the upward move-
ment of the head of the shield, more than 5% de-
clination was required in maintaining the design 
orientation of the tunnel's longitudinal axis. 
In so doing, additional disturbance was resulted 
and torsional deformation produced in the shield 
shell.~ 
The external and internal stress conditions of 
the shield tunnel were carefully checked both 
during and after construction. Fig.3 shows the 
... 
0.0 - actually measured 
·U Fill ---- predicted (after Sun et at, 19U) 
-a,g Sandy ctay 
a. External toad distribution 
b. Internal stress and moment distribution 
Fig.3. Moment and $lress distribution around a ring of a subAqueous tunnel 
external load distribution of a ring erected by 
semi-c.losed-breast shoving (area opening 2% and 
incoming soil volume 40-50%), as compared with 
the value predicted by theory based on full front 
face excavation. The smaller measured vertical 
pressure was clearly due to upward movement of 
the soil on top of the tunnel, and the greater 
lateral pressure was the result of partial or 
full closed-breast shoving. The figure also shows 
the distribution curves o! predicted and measured 
moments and internal rib stress of the same ring. 
The soil pressure gages indicated that vertical 
p~essure acting on top of the tunnel was appro-
~mately equal to 85% of the overburden weight 
and the coefficient of lateral soil pressure was 
about 1.4 under partial shoving operation. 
The longitudinal deformation of the tunnel had 
changed from time to time during and after cons-
truction, because of variable soil conditions en-
countered and methods of shoving used. Particu-
lar attention was paid at the junctions of the 
shield tunnel and the shafts with different modes 
of deformation. 
Leakage at the longitudinal and transverse cracks 
was one of the critical problems to be dealt with 
in this project. Epoxy resin failed as a sealing 
material at the cracks due to its poor crack-re-
sistant behavior. Elastic rubber or bentonite 
were more suitable for this purpose. As an addi-
tional precautionary measure, empty space left 
behind advance of shield shell was immediately 
filled up by pressure grouting. 
SLOPE STABILITY PROBLEMS 
The slope stability problems are closely related 
to change in groundwater condition, evolutionary 
history of river channel, soil and rock condition 
and other hydrologicaland engineering geological 
enyironments, etc. in project areas. Many slope 
f~lures were caused by water percolation and in-
adequate provision of drainage facilities espe-
cially during heavy rainy seasons., Collapsible 
loess (Tsien & Liu, 1987) and stiff jointed clay 
often undergo considerable seasonal variations 
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in their water contents, and thus, become a pote-
ntial stimulating factor of slope instability. 
Chemical and structural changes due to weather-
ing, leaching, etc. also have manifold practical 
consequences. Likewise, high and weathered rock 
slopes having bedding planes dipping toward river 
are highly susceptible to failures. The attribu-
ting factors are: artificial filling on top, cut-
ting at toe, surface water accumulation, leakage 
of buried pipe, and vibrations induced by nearby 
explosion, traffic, pile driving, etc. Infiltra-
tion of rainfall into fissures of rock is frequ-
ently liable to cause instability. Thus, strict 
control of surface as well as groundwater by ef-
fective drainage systems is considered to be one 
of the key factors leading to success in engine-
ering practice. Study of slope stability prob-
lems by centrifugal model testing is advisable 
and is presently undertaken in China. 
A slide occurred in a gravity type wharf area 
(Chen, 1984). The wharf is 600 m long with desi-
gn water depths ranging from 3 to 5 m. After its 
completion, the owner requested deeper excavation 
along the adjacent navigation channel and dred-
ging to 1 m below the original seabed elevation. 
Unfortunately, the dredger had already over-exca-
vated a depth of 0.4 to 1.4 m. This negligence 
lead to a sloughing of the bank wall into sea 
over a length of 48 m and its adjoining wall sec-
tion of 28 m, with an affected width of about 12 
m. After a heavy rainfall, the load of accumula-
ted water on the wharf platform was about 10 kPa. 
As a result, the entire structure leaned backward 
with 17°-30° inclination. The toe moved outward 
6.2 m and the heel subsided about 3-4m (Fig.4). 
~ Design H.W. +1.0 
0.0 
J Oeslgn LYi. -1.5 
Fig.4. Failure of a wharf wall 
After this incident, a large-scale investigation 
was carried out with 28 borings spaced about 2 m 
apart. The boring logs showed a soft layer com-
prising of 1-3 m thick light grey sandy clay ( 
Cu= 14 kPa, ¢u= 9°), silty sand or gravelly sand 
intermingled with ooze, possessing undrained sh-
ear strength parameters, ·cu = 9 kPa and ¢u =5°. 
To analyze the causes of sloughing, centrifugal 
model testing was undertaken, along with conven-
tional circular arc analyses. The effective ra-
dius of the centrifuge machine is 2.4 m, and the 
maximum centrifugal acceleration, 100 g. It was 
round that the mass sloughing and sliding was 
mainly due to low strength of the foundation soil. 
The computed factor of safety against sliding was 
about 0.75. This slope failure was apparently 
attributed to over-dredging immediately adjacent 
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to the wall. It should be noted that the wharf 
structure was just in a critical state of equi-
librium with a horizontal displacement of 9.5 em 
and a settlement of 12.5 em upon its completion. 
Once over-dredging started, its overall stability 
further reduced, finally leading to a mass slide. 
Another exemplication of stability problem is sl~ 
des often occurring in collapsible loess founda-
tion (Hu & Zhang, 1984). A workshop with double 
transverse spans of 24 m each and 108 m in length 
and an adjacent open crane gro~nd of 2,3000 m2 
were built on self-weight collapse loess for il-
lustration. The loess has a water content = 18%, 
unit weight= 16 kN/m3, e = 1.0, w1 = 29% and Wp 
= 18%. A steep cut, south of the shop,was prote-
cted by a retaining wall of 3 m in height. The 
original design was based on an assumed non-self-
weight collapse foundation soil and the adoption 
of an expl·:>sion-enlarged pile foundation. This 
scheme was later abandoned due to difficulty of 
controlling the dimension of the enlarged base 
and the subsidence of the adjacent ground. In the 
revised design, enlarged footing areas and lime-
soil cushion were provided to keep the base pres-
sure less than the initial soil bearing value. 
One day, large amount of rain-water and waste wa-
ter seeped into a part of the foundation soil af-
ter a 300 mm dia. sewage pipe was broken by tra-
velling trucks. The pillars tilted and struts 
between the pillars badly deformed. Since then, 
sloughing and slides occurred alternately (Fig.5). 
f-30m~ 30m--t N t-1 
-t 4 -- -- Open crane pillars e +,..-+'-+-"'!""':' 3"_+:+ ..... + + / //~ -...... ,, "\. .. 
::': 1 1 t '- ' "\ '\ \ \EUoptocal grouncl + -t--f+ t / ,' \ >-J-.t-.+- Crack 
' \ , '-,..' -' I I I I pillars e ,.,. -. +.,. . ++"'+.A-~ iljljiSI £' Fi1':t!ilf'II!PJ•ttihhll•t 
...j.. ..... __ ---
+-! 
a. Plan 
b. Section 1-1 
Fig. 5. Collapse of a loess foundation 
The. accumulated self-weight collapse settlement 
ranged from 15 to 19 em. The causes of failure 
are: 
1~ Increase of consumption of industrial and 
household water, and inadequate drainage 
facilities for rainwater, resulting in a 
noticeably high water content in the soil. 
2. Surface infiltration of natural water inclu-
ding flood. 
3. The foundation soil of recent origin collap-
sed under its own weight in the presence of 
water. 
As soon as the immersed loess collapsed and sub-
sided, a slide was incipient toward the cut area 
beneath the retaining wall. 
Successful remedial measures were then taken whi-
ch include strict control of water sources by pro 
vision of drainage ditches and wells, change of 
location of flood discharge outlets. In the mean 
time, the collapsible foundation loess was stabi-
lized by driving cast-in-place·piles and. a mono-
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lithic structure through connecting all the pill-
ars with large beams. No more trouble happened 
ever since. 
DISCUSSIONS AND CONCLUSIONS 
The aforementioned and similar examples clearly 
indicate that the main causes of foundation fai-
lure during and after construction are: inadequa-
te site exploration and soil investigation, im-
proper design assumptions either on environmental 
and geological conditions, or on soil param.eters. 
Naturally, inadvertent selection of construction 
method and soil stabilization scheme, poor super-
vision of construction, and careless man-made 
operation after completion in adjacent areas are 
also responsible. Obviously, satisfactory per-
formancesas described above are sufficient to em-
body these considerations. Remedial measures ba-
sed on soil and rock mechanics principles are of-
ten quite useful in-overcoming damages already 
happened. Once damage is done, cost of repairs 
and renovations usually far exceeds initial cost 
of engineering projects. To insure promptness 
of remedial action, constant monitorings and ob-
servations are imperative during construction. 
Besides, detrimental effect to adjacent structure 
should be constantly watched. Collection of en-
ough information of survey and measured data of 
existing structures together with successful and 
failure experiences involved in same project site 
are utterly important for a satisfactory design 
and construction. There is no unique method of 
design and construction that can be used indis-
criminately for all projects. Broad comparisons 
of possible alternatives should always be made 
before adopting the one which fits best the spe-
cific project both from economy and technical 
feasibility point of view. 
It is suggested that the following items be in-
cluded in the future research work: 
l. Engineering behavior of soil and soft rock 
including appropriate methods of testing. 
2. Effect of rigidity of structural founda-
tion on bearing soil response. 
3. Quality control and in-situ monitoring 
technique in foundation construction. 
4. Time-effect stress distribution of lining 
in underground construction. 
5. Water-control systems particularly for 
collapsible soils and fissured soft rocks. 
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